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© Particle judging device. 



© A device for identifying the kind of each particle 
detected by a particle detecting device such as 
imaging flow cytometer from detection signals ob- 
tained by passing therethrough a specimen, such as 
blood, in which various kinds of particles (blood 
corpuscles) exist intermixedly. Distribution character- 
istics (mean value, distribution width, etc.) of specific 
characteristic values previously sought on a known 
kind of reference particles are stored, the degree of 
similarity of the detected particle to the reference 
particles, that is, "probalibity of correctness of judge- 



ment at the time of judging the detected particle as 
of the same kind of the reference particles" is cal- 
culated in accordance with a predetermined rule 
from the detection signals of the detected particle 
representing the same characteristic values and the 
stored distribution characteristics of the reference 
particles, and the probabilities of calculated on the 
respective characteristic values are synthesized to 
judge whether the detected particle is of the same 
kind as the reference particles or not. 
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BACKGROUND OF THE INVENTION 

This invention relates to a device for identifying 
the kind of each particle based upon detection 
signals obtained by passing a specimen such as 
blood, in which plural kinds of particles such as 
blood corpuscles exist intermixedly, through a par- 
ticle detecting device such as flow cytometer. 

With a flow cytometer, it is possible to catch 
each blood corpuscle in the blood and count the 
number of blood corpuscles and, also, to obtain 
various detection signals corresponding to each 
blood corpuscle, which suggest the kind thereof, by 
applying predetermined preliminary treatment to 
the blood. The detection signals are quantitative 
representation of various physical quantities 
(hereinunder referred to as "characteristic param- 
eters") such as scattered light intensity, fluores- 
cence intensity, light absorption, particle diameter, 
particle area and N/C ratio (the ratio of nucleus and 
cytoplasm when the particle is formed thereof) 
which suggest the kind of corresponding particle. 
Some methods and devices for identifying the kind 
of blood corpuscle using such detection signals 
have been knows already as disclosed in U.S. 
Patent Nos. 3,883, 247 and 4,596,035, for example. 
According to these prior art techniques, however, 
sub-populations or "clusters" formed of respective 
kinds of blood corpuscles are sought from a fre- 
quency distribution diagram or histogram, or a cor- 
relative distribution diagram of the detection signals 
of a substantial number of particles to know 
quatitative proportion thereof, and it is impossible 
to know the kind of each blood corpuscle which is 
passing through a detecting area of the flow cyto- 
meter in real time fashion. It should be epoch- 
makingly advantageous for speeding up quantita- 
tive analysis of particle mixture such as blood, if 
the kind of each particle passing through the de- 
tecting area of the particle detecting device such 
as flow cytometer could be identified in real time 
fashion. However, only the following system has 
been proposed as what enables it. This system is 
based upon such a principle in that the value of 
each characteristic parameter substantially falls 
within a specific range relating to the kind of par- 
ticle. 

As shown in FIG. 1, detection signals X1 and 
X2 representing suitable two of the above char- 
acteristic parameters are selected and their upper 
limits X1max and X2max and lower limits X1min 
and X2min, which are experientially selected for a 
specific kind of particle, are stored in upper limit 
registers 10 and 12 and lower limit registers 14 and 
16, respectively. The detection signals X1 and X2 
are supplied respectively to a pair of comparators 
18 and 20 and another pair of comparators 22 and 
24 and compared with the contents of the upper 



and lower limit registers 10 and 14 and the upper 
and lower limit registers 12 and 16. The compara- 
tors 18 and 20 deliver "high" level signals to an 
AND gate 26 when the signal X1 is within the 

5 prescribed range and, similarly, the comparators 22 
and 24 deliver "high" level signals to an AND gate 
28 when the signal X2 is within the prescribed 
range. The outputs of both AND gates are supplied 
to an AND gate 30 and, therefore, the AND gate 30 

10 delivers a "high" level output when both detection 
signals are within the prescribed ranges, respec- 
tively. When the output signal of the AND gate 30 
is of "high" level, it is judged that the particle 
which provides these detection signals shall belong 

75 to the specific kind. Although, two kinds of char- 
acteristic parameters are used in FIG. 1, three or 
more kinds of characteristic parameters may be 
used and the accuracy of judgement will rise with 
the number of kinds. As is obvious from FIG. 1, 

20 however, it is judged that the particle does not 
belong to the specific kind in this logic circuit, if 
even one of the outputs of the comparators 18, 20, 
... is of "low" level. Therefore, there is a substantial 
chance of judging "true" as "false". However, if the 

25 prescribed range is expanded for removing the 
above problem, the probability of judging "false" 
as "true" will rise to reduce the accuracy of judge- 
ment. 

As described above, the prior art technique 
30 could not obtain accurate judgement without mis- 
take and, moreover, it could not numerically in- 
dicate the degree of certainty, or the probability of 
correctness, of each judgement. 

Accordingly, an object of this invention is to 
35 provide an improved particle judging device which 
can identify the kind of each particle caught by a 
particle detecting device at high accuracy in real 
time fashion and, also, numerically indicate the 
probability of correctness of the judgement. 

40 

SUMMARY OF THE INVENTION 

The above object is achieved in accordance 
with this invention which provides a particle judging 

45 device comprising means for providing a detection 
signal representing at least one characteristic pa- 
rameter of each particle, means for storing distribu- 
tion characteristics of the same characteristic pa- 
rameter which are previously sought on a specific 

50 kind of particles, data converting means for con- 
verting the detection signal based upon these dis- 
tribution characteristics in accordance with a pre- 
determined rule to calculate the probability of each 
particle being a particle of the specific kind, and 

55 means for comparing the calculated probability with 
a predetermined reference value to judge whether 
the particle belongs to the specific kind or not. 
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In a preferred example, the stored distribution 
characteristics are a mean value and a distribution 
width, and the data converting means includes 
means for calculating the deviation of the detection 
signal from the mean value, means for normalizing 
the deviation based upon the distribution width and 
means for converting the normalized deviation in 
accordance with a predetermined function. 

Now, these and other features and functions of 
this invention will be described in more detail be- 
low about a preferred embodiment thereof with 
reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 

FIG. 1 is a block diagram showing a configura- 
tion of a particle judging device according to 
prior art, which is a start point of this invention; 
FIG. 2 is a block diagram showing an overall 
configuration of a preferred embodiment of the 
particle judging device according to this inven- 
tion; 

FIG. 3 is a block diagram showing a schematic 
configuration of a data converting unit in the 
embodiment of FIG. 2; 

FIGS. 4a to 4d are diagrams showing examples 
of the function used in the data converting unit 
of FIG. 3; 

FIG. 5 is a block diagram showing a schematic 
configuration of the data converting unit in the 
embodiment of FIG. 2; 

FIG. 6 is a block diagram showing a schematic 
configuration of a variation of the embodiment of 
FIG. 2; and 

FIG. 7 is a block diagram showing the embodi- 
ment of FIG. 2 co-operated with an imaging flow 
cytometer. 

Thoughout the drawings, same reference nu- 
merals are given to the same structural compo- 
nents. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

Referring to FIG. 2, the particle judging device 
of this invention includes converting units 32i, 322, 
... which receive detections signals X1, X2, ... re- 
presenting characteristic parameters of each par- 
ticle, which are supplied from a particle detecting 
device (not shown) such as flow cytometer, and a 
judging unit 34 which receive the outputs of these 
converting units. The converting units 32i, 322, ... 
respectively store probability distribution functions 
Y1=fi(X1) , Y2 = f 2 (x2), ... of detection signals re- 
presenting the same characteristic parameters, 
which are previously sought on a specific kind of 
particles. Therefore, these function values Y1, Y2, 



... represent the frequency of appearance of the 
detection signals when the detected signal belongs 
to the specific kind, that is, the probability of the 
detected particle belonging to the specific kind at 

5 the time of detection signals X1, X2, ... , respec- 
tively. The input detection signals X1, X2, ... are 
converted respectively into the values Y1, Y2, ... 
representing the probabilities in accordance with 
the above-mentioned functions and, also, weighted 

w respectively with separately provided weighting co- 
efficients ai, a2, ... in the converting units 32i, 32 2 , 
... , respectively, and the resultant weighted outputs 
Yai( = ai*Y1), Ya2( = a2*Y2), ... are supplied to the 
judging unit 34, as shown. The coefficients ai, a2, 

75 ... are constants from zeto to one, which are deter- 
mined in accordance with the judging rule as de- 
scribed below. The judging unit 34 synthesizes the 
input signals Yai, Ya2, ... to calculate a value 
indicative of the synthesized probability and, also, 

20 compares it with a predetermined value to provide 
a judgement signal Z1 . The processing in the con- 
verting units 32i, 32 2 , ... and judging unit 34 are 
effected in real time fashion and, in fact, the time 
needed from reception of the detection signals X1 , 

25 X2, ... to delivery of the judgement signal is less 
than several hundred nanoseconds. 

As shown in FIG. 3, the converting unit 32i 
includes a mean value register 36 for storing a 
mean value U1 of the distribution expressed by the 

30 above function fi(X1), a distribution width register 
38 for storing its distribution width W1 and a sub- 
tracter 40 and a normalizing unit 42 to which the 
contents of the registers 36 and 38 are supplied 
respectively. The distribution width may be se- 

35 lected as three times the standard deviation, for 
example. The subtracter 40 subtracts the mean 
value U.1 from the input X1 to provide an absolute 
deviation |X1-Ulj, and the normalizing unit 42 cal- 
culates a normalized deviation AX1 from the ab- 

40 solute deviation and the distribution width W1 in 
accordance with the following equation. 

AX1 = M|X1-Ulj/W1) 

45 where ki is a constant. 

The normalized deviation AX1 is supplied to a 
function table memory 44 which is provided with a 
function select register 46 for selecting a function 
fi(AX1). The function fi represents the relation 

so between the normalized deviation AX1 and the 
probability of the corresponding detection particle 
being a particle of the specific kind and it is deter- 
mined on the basis of frequency distribution data of 
each characteristic parameter of the specific kind 

55 of particles and likes. While this function is a de- 
cremental function whose value is maximum at 
zero value of the normalized deviation AX1 and 
becomes zero at a certain value k thereof, as 
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shown in FIGS. 4a to 4c, it is possible to show the 
probability of the detected particle being not a 
particle of the specific kind with the value of the 
function if it is such an incremental function as 
shown in FIG. 4d. The normal distribution curve of 
FIG. 4c is suitable as the function fi since the 
frequency distribution curve of the characteristic 
parameter value is generally a normal distribution 
curve. However, such an approximate linear func- 
tion as shown in FIG. 4a or 4b may be used for 
convenience in the function select register 46. One 
select code of such functions is preset by an 
external device (not shown) and supplied to the 
function table memory 44, in which its value 
Y1 =fi(AX1) is calculated. 

The function table memory 44 is further pro- 
vided with a weighting coefficient register 48 for 
storing various values of the weighting coefficient 
ai . The value of the weighting coefficient ai , which 
is specified in accordance with the undermentioned 
judging rule, is preset by an external device (not 
shown) and supplied to the function table memory 
44. The table memory 44 calculates Yai =ai*Y1 to 
deliver the propability output Yai . 

It is recommendable to use a look-up table 
system for arithmetic operation of the units 40, 42 
and 44 in order to raise their operation speed to 
effect real time indication. Although the other con- 
verting units 32 2 , ... of FIG. 2 may have the same 
circuit configuration as the above-mentioned con- 
verting unit 32i , it is necessary to select the prob- 
ability functions f2, ... and weighting coefficients a2, 
... so as to conform to the corresponding char- 
acteristic parameters, respectively. 

Referring next to FIG. 5, the outputs Yai, Ya2. 
... of the converting units 32i, 322, ... are supplied 
to an adder circuit 50 in the judging unit 34 and 
summed up and a resultant sum T ( = Yai +Ya2 + 
...) is supplied as an object value of judgement to a 
comparator, which is provided with a reference 
register 52 for storing a reference value S for 
judgement, and compared with the reference value 
S. The comparator 54 is arranged to provide a 
"high" level output when the object value T is 
higher than the reference value S and its output 
terminal is connected to one of the input terminals 
of an exclusive-NOR circuit 56. The other input 
terminal of the exclusive-NOR circuit 56 is ground- 
ed through a switch 58 and also connected to a 
"high" level source terminal H through a resistor 59 
so as to selectively receive a "high" or "low" level 
input. Therefore, the output Z1 of the exclusive- 
NOR circuit 56 shows affirmative decision at "low" 
level when the switch 58 is closed as shown, while 
it shows the same decision at "high" level when 
the switch 58 is open. 

The above-mentioned judging process is ex- 
ecuted in accordance with such a rule as described 



below in connection with some examples. In the 
following description, judgement is effected upon 
three characteristic parameters and detection sig- 
nals X1, X2 and X3 respectively representing the 

5 values thereof are handled. For simplicity, however, 
the detection signals X1 , X2 and X3 will be simply 
referred to as characteristic parameters X1 , X2 and 
X3. Moreover, the particle which is caught by the 
particle detector and whose kind is to be identified 

w will be referred to as "subject particle" and the 
particle of known kind, whose identity to the 
"subject particle" is to be judged, will be referred 
to as "object particle". 

75 Rule-Example 1 

A subject particle satisfying the following three 
conditions shall be judged as an object particle. 

(1) Its characteristic parameter X1 is approxi- 
20 mate to the mean value of the characteristic 

parameter X1 of the object particle, 

(2) its characteristic parameter X2 is approxi- 
mate to the mean value of the characteristic 
paremeter X2 of the object particle, and 

25 (3) its characteristic parameter X3 is approxi- 
mate to the mean value of the characteristic 
parameter X3 of the object particle. 
When the subject particle is an object particle, 
the judgement output Z1 of the exclusive NOR 

30 circuit 56 shall be at "low" level and the above- 
mentioned three conditions shall be equivalent in 
significance. 

In order to realized the above-mentioned rule, 
the values of weighting coefficents a^ a2, and a3 

35 are made equal to unify the three conditions in 
significance, when the mean values, distribution 
widths, distribution functions and weighting coeffi- 
cients of the characteristic parameters of the object 
particle is set respectively in the registers 36, 38, 

40 46 and 48 of the converting units 32i , 32 2 and 32 3 . 
The switch 58 of the judging unit is closed so that 
the output Z1 of the exclusive NOR circuit 56 is at 
"low" level in response to the "high" level output 
of the comparator 54. When there is such a relation 

45 as T £ S in this state between the sum T of the 
probability outputs Yai , Ya2 and Ya 3 of the respec- 
tive converting units 32i, 322 and 32 3 and the 
reference probability S, the output Zt of the judg- 
ing unit is at "low" level and the subject particle is 

so judged as an object particle at probability T. 

Rule-Example 2 

A subject particle satisfying the following three 
55 conditions shall be judged as an object particle. 

(1) Its characteristic parameter X1 is approxi- 
mate to the mean value of the characteristic 
parameter X1 of the object particle, 
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(2) its characteristic parameter X2 is approxi- 
mate to the mean value of the characteristic 
paremeter X2 of the object particle, and 

(3) its characteristic parameter X3 is approxi- 
mate to the mean value of the characteristic 
parameter X3 of the object particle. 

When the subject particle is an object particle, 
the judgement output Z1 of the exclusive NOR 
circuit 56 shall be at "low" level and the above- 
mentioned three conditions shall be high, medium 
and low in significance in this order. 

In order to realize the above-mentioned rule, 
while the respective registers are set as same as in 
the case of Example 1, the weighting coefficients 
ai f a2 and aa are set in the weighting coefficient 
registers in the converting units 32i , 322 and 323 
so as to make their mutual relation ai>a2>a3. 
Moreover, the switch 58 of the judging unit is 
closed so that the output Z1 of the exclusive NOR 
circuit 56 is at "low" level in response to the "high" 
level output of the comparator 54. When the prob- 
ability outputs of the converting units 32i , 322 and 
32 3 are weighted differently as above, it is possible 
to effect more accurate judgement giving consider- 
ation to the significance of each condition. If the 
weighting coefficient is made zero, the correspond- 
ing characteristic parameter becomes to be dis- 
regarded. 

It is also considered to apply plural rules differ- 
ing in their contents as Examples 1 and 2 and 
provide synthesized affirmative decision in reponse 
to affirmative decision in accordance with any rule 
of them. In this case, as shown in FIG. 6, the 
outputs Z1, Z2, ... of particle judging blocks 6O1, 
6O2, ... which execute their own rules respectively 
as above are connected in parallel by a wired OR 
line 62 and the output WZ of the wired OR line is 
connected to one input of an exclusive NOR circuit 
64. As same as the exclusive NOR circuit 56, the 
other input of the exclusive NOR circuit 64 is 
grounded through a switch 66 and also connected 
through a resistor 68 to a "high" level source 
terminal H. The output WZ of the wired OR line 62 
become "low" level if any one of the particle judg- 
ing blocks 6O1, 6O2, ... (whose switches 58i, 582, ... 
corresponding to the switch 58 are all closed) pro- 
duces an affirmative output at "low" level. When 
the switch 64 is closed, therefore, the synthesized 
decision output Z of the exclusive NOR circuit 64 
becomes "high" level if the condition based upon 
any judging rule is satisfied. When the switch 66 is 
open, the synthesized decision output Z becomes 
"high" level only when the outputs Z1, Z2, ... of all 
blocks 6O1 , 6O2, ... are at "high" level, that is, when 
no condition based upon any rule is satisfied. Thus, 
it is possible to arbitrarily obtain affirmative or 
negative decision by controlling the switch 66. 



The configuration of FIG. 6 has such an advan- 
tage in that the judging conditions can be easily 
changed, since the particle judging blocks 6O1 6O2 
... storing various preset rules can be freely at- 

5 tached to and detached from the wired OR line. 

FIG. 7 shows a particle identifying system in- 
cluding particle judging blocks 6O1, 6O2, ... as de- 
scribed above combined with an imaging flow cyto- 
meter 70 as a particle detecting device. In this 

10 system, it is also possible to pick up and display a 
still image of each particle. The imaging flow cyto- 
meter 70 includes flow cell mechanism for forming 
a flat sheath flow of specimen, a light source and a 
light senser for detecting characteristics of each 

75 particle, a stroboscopic light source and a video 
camera for picking up the image of the particle, 
and likes. A detection signal DS of each particle 
obtained in the flow cytometer is supplied to a 
signal processing device 72 and converted here to 

20 respective parameter values X1, X2, ... in real time 
fashion. The characteristic parameter values X1, 
X2, ... are supplied respectively to particle judging 
blocks 6O1 6O2 ... having various judging rules 
preset therein. The judging blocks return their de- 

25 cision outputs (Z1, Z2, ...) through a wired OR line 
62 to the signal processing device 72 within sev- 
eral hundred nanoseconds. The signal processing 
device 72 includes a circuit equivalent to the exclu- 
sive NOR circuit 64 and, when the subject particle 

30 is judged as an object particle, delivers a strobo- 
scopic triggering signal ST to the flow cytometer 
70. The stroboscopic light source of the flow cyto- 
meter flashes in response to the signal ST and the 
image of the subject particle is picked up by the 

35 video camera. The characteristic parameter values 
obtained from the signal processing device 72 are 
also supplied to a data analyzing device 74 and 
provided for statistical analysis using histograms 
and multidimensional scattergrams of the respec- 

40 tive characteristic parameters. The result of analy- 
. sis is supplied to the respective particle judging 
blocks 6O1 ,602. . for use in modification of the 
above-mentioned judging rules and preset condi- 
tions stored respectively therein. 

45 The particle judging device of this invention 

can be combined with an imaging flow cytometer 
for picking up the image of subject particle and, 
moreover, it may be combined with a sorting de- 
vice such as cell sorter for collecting the object 

50 particles only. 

The above description of the embodiment is 
given only for the purpose of illustration and do not 
mean any limitation of the invention. It should be 
obvious to those skilled in the art that various 

55 modificaton and changes can be made on the 
above embodiment within the scope of the inven- 
tion as defined in the appended claims. 
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Claims 

1. A particle judging device including means for 
detecting each particle from a specimen in 
which plural kinds of particles exist intermix- 
edly and producing a detection signal repre- 
senting the value of at least one of characteris- 
tics of said particle, characterized in that said 
device further comprises: 

means for storing distribution characteris- 
tics of said characteristic parameter, which is 
previously sought on a specific kind of par- 
ticles, 

data conversion means for converting said 
detection signal based upon said distribution 
characteristic in accordance with a predeter- 
mined rule to calculate probability of said par- 
ticle belonging to said specific kind, and 

means for judging whether said particle 
belongs to said specific kind or not, on the 
basis of said probability calculated by said 
data conversion means. 

2. A particle judging device as set forth in claim 
1 , in the case of using detection signals repre- 
senting the values of plural characteristic pa- 
rameters of each particle, characterized in that 
said data conversion means includes means 
for weighting the respective probabilities de- 
rived from said detection signals. 

3. A particle judging device as set forth in claim 
1 , in the case of using detection signals repre- 
senting the values of plural characteristic pa- 
rameters of each particle, characterized in that 
said data conversion means includes means 
for calculating the probabilities derived from 
said detection signals. 

4. A particle judging means as set forth in claim 
1, characterized in that said data conversion 
means includes means for storing a mean val- 
ue and a distribution width of said characteris- 
tic parameter of said specific kind of particles, 
means for calculating deviation of the value of 
said characteristic parameter represented by 
said detection signal from said mean value, 
means for normalizing said deviation based 
upon said distribution width to obtain normal- 
ized deviation, means for storing a predeter- 
mined probability distribution function, and 
means for seeking probability of said normal- 
ized deviation based upon said probability dis- 
tribution function. 

5. A particle judging device as set forth in claim 
4, characterized in that said function storing 
means includes means for storing plural func- 



tions and selecting one of said functions and 
supplying the same to said probability seeking 
means. 

5 6. A particle judging device as set forth in claim 
4, characterized in that said probabilty seeking 
means is provided with means for weighting 
the probability obtained therefrom. 

10 7. A particle judging device as set forth in claim 
1, characterized in that said device further 
comprises switch means for selectively invert- 
ing a logic of the output of said judging means. 

75 8. A particle judging device as set forth in claim 
3, characterized in that said device comprises 
a plurality of judging means corresponding to a 
plurality of particle judging rules, and wired OR 
means having the results of judgement of said 

20 judging means for delivering a judgement sig- 

nal at the output thereof. 
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